. Photograph of the diamond anvil surface after laser heating at 14.4 GPa. Table S1 . The crystal phase, atomic position and the lattice parameters at 14.4 GPa determined from Reitveld refinement on the XRD data. Table S2 . The crystal structure, atomic positions and lattice parameters at 48 GPa from Reitveld refinement of XRD data. Figure S1 . Photograph of the diamond anvil surface after laser heating at 14.4 GPa. Due to high power laser heating, partial carbon evaporated from anvil surface and participated in the redox reaction with Li 2 O 2 to form Li 4 CO 4 high-pressure phase. The black damaged region contributes to the broad diffraction peak near 8 degrees in the XRD patterns in Fig. 3 and Fig. S5 . Figure S5 . Reitveld refinement of XRD profile collected at 14.4 GPa after laser heating at the laser heating center and off-center locations. In the center location, the structure mainly consists of Li 4 CO 4 (36.91%) and two types of LiO 2 forms: the ambient Pnnm (23.72%) and high pressure P4/mbm (39.37%) phase. For comparison, the off-center (30 microns away from the laser spot center) location only developed small amount of Li 4 CO 4 comparing to the top XRD profile with not well formed LiO 2 P4/mbm and Pnnm phases (broad and low intensity peaks), which indicates the high temperature is important to synthesize the LiO 2 phases. Table S1 . The crystal phase, atomic position and the lattice parameters at 14.4 GPa determined from Reitveld refinement on the XRD data. 
